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ABSTRACT
e primary objective of Project 2.2 was t¢ measure initial-
and residual-gaxma exposure rates as a function of time at various
distances from high-yisld thermonuclear dstonations. Secondary
objectives were: 1) tc measure the residual-gamma exposure rete
at the 1lip of the crater frow a high-yleld land-surface shot, and

2) to field-test a prototype thermsl detector to be used in e radio-
logical-defense warning system. -

The residual-gamms radiation was detected by an unsaturated
ton chamber, wiose output determined the frequency of pulses that
were recorded on electrosensitive paper. Most of the icitial-
gocma-radiation stations consisted of scintillation detectors wvhose
output deteruined the freguency of pulses that were recorded on
magnetic taps. Some initial-gamma instruments were gimilar to those
used during Operation Castle. The exposure rate near the crater was
measured with a detector-telemeter unit dropped from a helicopter.

Residual -garame exposure rete versus time was obtained after
ghots Zuni, Flathead, Kave)o, and Tews. The observeld aversge decay
exponents for these events werc 1.1 for Zuni end Tews, 1.2 for

Fiastaezd, ané 1.3 for RevaJo. Iu sorr cases, the effect of reinfull

STL L Eon




in leaching the activity decreased the exposurs rate by a factor
of two.

Records from Shot Flathead at 7,730 feet and from Shot Navajo
at 13,870 feet indiecate that at these locations about two-thirds of
the total initial-gaxma exposure Was delivered after the arrival of
the shock front.

The crater-lip measurements indicated that the method was a
feasible one; however, no usable data was obtalned.

The thermal-radiation detector responded satisfactorily to a
5-Rt detonation at a distance of 20 miles.

ST, Low's e
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CHAPTER 1

1.1 ORIECTIVES

The primary cbjectives of Project 2.2 weres 1) to measure the
initial~gommn exposuwe rate as & function of time from the detonation
of high-yield thexmonuclear dovicesy and 2) to measure the residucl-
garms exposure rate as a function of time st land fallout stations.
Secondary objectives ware: 1) to moasurc rosidual redistion st early
tines on the crater 13p of a high-yield land-surface shoty and 2) ™%
field~tost a prototype thermaleradiation detoctor to be used 4n s
rodsloriast=defonse varnling systec,
1.2 BsIGEORD

Los Alamos Scientific Leboratory (LASL) measured initislegamc
oxncsure rate versus time for high~yicld devices during Operation Ivy
(Referance 1), It wes found that high-yicld dovices did mot follow
the relatively simple scaling lawms of low~yleld devices, Gomrxm
rodiation st s particular distance scales linaarly wdth ylield for
dovices wp to about 100 kt. For megatonwrange devices, gaam radia-
$ion scales higher with incroesing yield. This enhancement of initial-
gamao radiation was attributed largely ¢c the hiydrodynazic cffcct
(section 1 3éh)e Us Se Ary Signul Rescirs anl Devolr went Laberstony
{usisvL) obtalned several qmm;mmw ‘i;Pp%MS
frce: higheyield dovices during Orerstion Cestle (Reforomce 2)s The

| /



dats obtained by USASROL were lower by a factor of 10 or rore thon the
supar-Effocts Handbook prodictions (Refarence 3).

One of the poposes of Project 2.2 was ¢to resolve the indtial~
gocma radistion ecaling lawe for high-yleld devices. Of particular
intavest wos 8 high-yield sirburst, since it would allow correlatinn of
the hydrodynamic effect from an alrburst with that from 8 surface burst,
UCASRDL made measurements of realdual-game exposure rates from high-
yield devices during Operation Cestle (Reference 2), Only limited
datz werc obtained because of & high loss of instruments eaﬂy in the
operation. Thesc dotz indiczted that the decoy exgponent for the residucl
activity varied with the type of nuclear dovice. Another purpose of
 Project 2.2 was to dotermine sccurvte decay @qonents for residual *¥
activity,

The thermaleradiztion detector, part of o eurly=omilirss gusta
for nuclear detonations, veme teeted with lovmyleld dovices durlne Onero-
tion Teapot (Reference 4). The tests ware successfulp the detector
showed @ capability far in excces of the roquiroments. It wee decidod
to determine the yosponse of this detoctor to ~megaton=range devices
during Operstion Radwing &n oxder ¢c complete the testing.

13 THECRY ST. L. Ji5 #RC

The gams padistion emittod from 2 muclear dotonation may be
dividod inte twe portions: 4nitial yadintion and yesiducl rodiation.
The rosidual radiation meoy include radistion frcun both fallout and
noutron-indiuced activity,
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1340 Indtda) Gaac Radiction. For a fission=type device the
initial yediations are divided approximatoly es shown in Table 1,1
(2rom Reference 5). The major contribution to initial gesws redistion
ummnmmmmmunmmmm
capwrobyl (n, T) &n the HE components and air. The prompt gamsas
are neaxly all absorbed in the dovice itself and are of little signifi-
cance outside of the device. The fission-product gemmas predominate at
close distances (Reference 5). The i (n, ¥) gammas become relatively more
imxcrtant st greator distances, snd evomtually become the me jor contribu-
tor, This apnlies only tc devices with yields of less than 10C kt, in which
the hydrodmamic effoct s small., Figurc 1,1 shows the contribution from
fission=product gam: and K% (n, ) for a 1=kt surface burst. W€
respect tc time, the ¥ (n, ¥) radiation 4s essentially emitted within
C." secondy the fission=nrcduct garmas, however, continuc te contribute
for the first 30 seconds.

TALE 1,9 ELIRGY PARTITION IN FISSION

— {Reference 5)
Fercent of Totel Totsl Energy
Mechanism Fission Energy per Fission
percont S, LJU.&J?%C

Kinctic Enexgy of )

Fission Fregments 82 16;2
Promct t&eutrogs '
Prompt Gomoas 4 g
Fisslon Froduct Gorpos 247 54
Fisaion Product Betas 247 5
F"ssior Product Heulrinos 5.6 11
Geloved Neuizono R _&,°
Totoic 1000 eIy oS

‘lbatly thsozbed §in the device.

/3 /3
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For thermonuclear devices, in addition to gamm yadistion from
fission-product gammas, it is necessary to consider the interaction
of noutrons from the fusion process with Nu. The radiation due to
the fusion process may vary ovar wide limits, depending on the design
of tle device. For & given yleld, the mmber of neutruns avallable
ma be ten time: as grost for fuslon as for flssion, and therefore a
large ecntributicn to gemp: radiction expoesure oy be due to the }Cu’
{n, ¥v) reicticn in e thermonuclcor deviee (- formee 2.

1,3, _ ooyt Mo foliptirae The residnl gamme rodintico

concisdts of fiscion-produst sudicioon frew fallowl aad radiatia. frie

noutron-~induce” activitys Jhe decay rate of the posldual radiation

fror £allout will fellow epproxirctely the expresgions: —{
- . - -1 o?
7 At (1.3}

R
.

i
roo [ o1 e sn
vwherc: 1 = exposure ratc at time t.
11 = exposure ratc at unit time,
t = timk.
r =exposmbementmst.‘ endtp,:here
t, 2 10 seconds. ST. Loyt 00
The docoy of the residucl rodietior ¢ ewpected to very vith wer oo

7]

» -~ - M - ~ = - ~ . <& .- . -~ Lo
Qoilge vl toas Lo, Yoo opmeiion. ol would tond © vooreos. U

absclute volue ¢f the decay exponent for & period of tine.




133 _Absoxption in Alx. The adscrption of unscattersd gaxc
radiation in sir is emxponential with distance. From a point source
of soncenergetic radiation, the varlation of intensity with distance
is expressed as:

1, =1 o P /4’ (1.2
C

i

vheres ID intensity at distance D
1 = source intensity

rt2] linesr sbsoriiion eoeificient (wiic

=
1l

coefficient genarally decreusts wid. increis.ng
gocxsa enargy)
D = distance €
he abscrotion coefficlent g in Equation 1.2 s applicable for

e -

e SRS SURNNCRTCIER S UM SIS - - eles .00 S (VEIFIVERUI P AR SO U
ditions whers tee dotestoz §s aooroxiontel, & N S0 Cluin e

Tris is donc by edding & buildup factor B tw equacion 1.7 & accont

for the scacierce radiacion that wili oo devecieds Bulidy) suctory
for differant energios @ distances have been calvdsated velue.sc 6y

an! some values are shown in Table 142, FOr GadiiXoeCtionti wiuCiors,

the expression 1

1. = Icae-pD//m;?Z {1.3)

£

ST, Lo o
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TABLE 1.2 CALCULATED BUILDU FACTORC

Tue buildup factor (B) given here s the factor B_ (poD, r.o) as
cooputed by Muclear Development Assoclates for APSWF (Reference 6).

B .
Energy (E ) 1000 yds 1500 yds 3000 yds
lev
1 16,2 29,3 85,0
3 3,55 535 10.2
& 297 4,00 7400
10 1,70 2,01 2,90

s a e —

Teleh  Fydrodynade Effctie As shovt in SeCiic . 14343, the
pttonuation of gammg radiation is highly dependent o the amount of
sbsorber botween the source and the detector. For weapons of less
than 100-kt yield, essentially all of the initial gamse radiation is -
exitted before the shock front can produce an arprecizihle chanie in
L ooowdiosiive anooxn tlon ot Ll bolilli Bldiel Sl GUluciiae HCX
bt eyiold devicor, the viloclt, of tho siich frol ic suldicivinly
high to producs a strong enhancemant ¢f a large percentuge of the
initia) garma redistion (Reference 7). The higher the yield, the
larger is this percentage. A simplified treatment of the hydrodynamic
effect follows,

Assume 8 gphaxe that hss a2 volume V° and radius R, and is filled
with 3 gas cf density po and mass M. Then,

2 .
M=y p = duT p(/B (ieh?
e ST. LOG17 “RC

iet the ges be compressec into ¢ shell with thicnest &L

/¢t
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(R recaining constant). The nov gas velume §s expressed es V. with a

density of p,. (\l1 = 40R“®) The mss has not changed; thus

: 2
H=V°p°-—lum 4Rp,4 {(or << R)

4ap /3 = b aRo, (1.5)
&R, = Ro /3 (1.6)

Leuotion 1.6 dndicctes that a roy cricinoting in the center of the
& Lore wulG traverse only 173 of the most in the shell model thet 3t
would in the hemogenecus models Tie result would be an enhanccment of

radiation. OUnce ti.c shell of materizl in the shock front passes the__“r

detector, en even grcater enhancement results,
Joopresicusly stoted, the 10 {n oy coopencnl oF inlticl orodicticn

is ecsenticlly esittes witiin (oo scennd,  Sinee it taker &t lecst cne

» socond foxr tisc stoch front to o xouc o odelcctlr ol @ distenco of T,0n

14

fect (even fcr devices in the order of 6 M), the ¥ (n, v) component
1s not significantly enhanced. The fission-produci gammac continue to
contribute during the €irst 37 seconds) thercfure, this radiotion is

strongly enhanced by the shock wave.




GIAPTER 2

2,1 OPERATIONS

Table 2.1 gives the shot perticipetion and instrussntation. The
instzumsnt stations were placed in the previously prepared positions at
the latest precticable time prior to sech shot, and were recovered post-
shot 38 soon ss Rad-Safe conditions pezwmitted. The residual stations
were sctivated upon placemant. Thelr S-dey opersting pexriod allowed for
2 days of data-recording snd three 1-day shot delays. For the surface
bursts, the initial stations were activated by s minus~1-minute timing
signal for wmarmp, &nd & minus~15-second signal to staxt the recordems
MMmmmmlyuw1wum-umnabl;
to start the recorder. Timing signals were necossary on the initial
stations due to the limited pecording time avalladle (Cook Research
Laborstory MR 33 recorders, 4 minutos) Sanborn zecorders, 15 minutes),
For Shot Chexckes, the recorders ware not started until aftar the bomb
reloass.
2,2 INSTRUBENTATION

In designing the instrumsntation for this project, thare wezre two
objectives: (1) to design the instrumnts 2o as to best fulfill the
M] and (2) to design flexible instruments yeadily edaptadle
to & wide variety of field measurcnments. Inviuofthisdmlobjecﬂve,
the instrusents woze designod to bo coupact, drifi-fres, Telisble, wide
in dmamic-range coverage, and low in cost, The basic circuit ewolved
mssmmes discrete increments of charge. Essentially, this circult msy
be used with any sensing element that has an output which is a known
function of the rediation field. Thus, the cirouit is equally spplicsdble




TARLE 2.1 SHT PARTICIPATION AND INSTRUMENT AT ION

Stetlion
Shot Nuaber Location Range from (qound Zero Instrumentation
ft
Cherokes | 22.01 Able 29,400 1p,1g,R
24,02 Charlie 20,694 Ip,1g,R
24,03 Dog 16,370 R
22.04 Eany 20,062 R
22 .05 Fox 24,922 R
22,06 George 30,207 R
220.01C Uncle 85,432 R
220,08C Oboe 76,00 R
221.02€ Yoke 63,720 R
Portable Nan R
Zun!l 224.03 Dog 68,600 R
24.06 George 70,900 R
220,01C Uncle 10, 300 R
220,08C Cboe 16,270 Ip,R
220.09C Roger 7,000 Ip, Ig.R
220,14C Peter 11,27 R
22.01C Willian 10,3 R
22.,02¢ Yoke 43,400 R
22.04 Alfa 56,570 R
Portalle Row 78,000 R
Portable Love 72,000 R
Fortatle Nen 69,000 R
Flathead | 22.01 Able 45,800 R
22,03 Dog 4,422 Ip,Ig,R
22.04 Easy 7,730 Ip,1g,R
24.05 Fox 10,745 psR
22.06 George 14,920
220,08C Oboe 59,880 R
220.09C Roger 63,155 R
220,140 Peter 62,344 R
22.01C Willies 40,907 R
221.02C Yoke 9,068 R
221 .G4L Alfa 70,000 R
Portatle How 60,000 R
Portable Love 75,000 R
Poriehble Nan 85,000 R
Nava jo 22.01 Adle 46,000 R
221.03 Dog 7,922 Ip,1g,R
221.04 Easy 10,700 Ip,R
24.05 Fox 13,170 Ig.R
221,06 George 16,180 Ig R
220,08C Oboe 56,341 R
220.01C Uncle 58,282 R
221.00C Willlan 36,006 R
221 .02C Yoke 15,582 R
Portatle How ’ R
Portable Love 72,000 R
Portatle Nan 84,000 R
Teve 22.01 Able 28,950 R
- 22.03 Dog 17,550 Ip,1g,R
22 .04 Lasy 22,200 R
22 .05 Fox 24,71 R
220.08C Oboe 54,966 R
19 5,960 Ig
221.01C Williaa 51,775 R
221.020 Yoke 37,64 R
Fortable How A R

1g * initial station, Gu
Ip = initial statlon, Protoaul tipl ler
R = Residual statiou

stave




to ion chambers, scintillstion dstectors, or photoconductive crystals.
See Pigwe 2,1, In cpareticn, the chazge on C, holds tube T, well
beyond cutoff. The cutput cursent of the sensing element discharges C,
st & rste dependent won the Tedistion level, When the voltsge st the
mdo:qmmwumt,m.m.wunuw
mmdotryumumawnmmummaym
Toe mqmuammun—pmuu&om
voitage and the grid-to~cathode drop through the diode action of the g
of T,» When C, is completely charged, the circuit returns to its norme
condition of T, conducting end T, cutoff, The circuit ydll remiin in {
Mmmlqummwwmmofthm
element, mmofmd:utmisho!muutmn?a
sate proportional to the output cuxrent of the sensing elenmnt.
general, decay of the garma-exposure rate from fallout contamination it

R TP (2.0)

shere: ! = the gemme-exposure sate at tiome i

I; = the gume-aposure 2ete st unit time

x = the decay constant (given as 1,2 for gross fission product:

Measuremsnts of the decay constant require good (short) time

resolution at early times (¢ small, I large) when the changes in gamme:
exposure rate are most rapld, At later times (t large, I small), the
rate of change of the gamma-ggposure rate of the gm radiation is
Mmue,mmmmmmmmmu-
Tesolution, The instrument for the messurement of residusl-gesm




+ 2. 2333p Uot
2uisuas @ S5 JSGUBED UOT Po3nINissun uv pas
P

2AB]STD pUB PBIUOY YUY J0F FTNOITD 21swq 3 su

w4ﬁﬁucﬁohﬂr pPIsn J030313p 3ABISN) IWg 883I3UM
n I10%9935P pBIUC) YL
1aoys meI3BTP OFIBUAYOS T°C I TS

‘fquauaTa
©8IG3 093 9D

—o N0

%22
1L
AG | 1
—| —
F
‘11
|
wkzuIUJu_
| ONISN3S
Lo 2Te2

_xOO.

3




S
rediction is designed to cover a vange froclx/hr with e time resolution
of § ninutes, to 10° s/hr with a time resolution of 0,05 minutes, The
basic circult is shown &n Figure 2.1, wherc the sensing element {s an
unsaturated fon chamber. The ion chambyr was designed to have a current
output proportiocnal to the square goot of the gamma-exposure yate. The

overall detector response 46 given by:
¢ = k2 (2,2)

vhere: f = the output frequency
T - the gamaeexposurc rate in r/ir
k = & parameter chosen to moet specific design ocjectives
In laboratory calibrations on a 250-kv Xroy beam, these deft.octo_rlsf
have shown a procision of better than 2 percent, including drift effects,
over & throo=teel period. The comrleted detecter head, including fon
CislnTa 8w CILTLEWRLCL; Vaad AnGapsusulos in hysol 600 casiing Tecine
Pty tcct eclitzoticn curve for thesc dotectors §c given in Figure ©.7.
2ee2 _The Residusl Instrunant Svetom Recoxder. The two-channel
rocorder used with this system consisted of an Esterline-Angus chart
drive tc suprly the time base ard two electric styluses writing on
Telodeltos paper charts, The output from the detoctor head was fod
through an amlifier directly to Stylus Rumber 1, which produced a mark
for each detector output pulse. In addition, the detector output was
fod tc ¢ scale~cf-11 counter, thence t- Stylus tumber 2, Thus, Stylus <
reoductl ene mert fox ecet 1 outoul misc: fron tis dotectors In thic
manners o chart=speod slov: encugh. for the required 5-day operating
period could be used while maintaining resclition of ‘the fastest
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anticipated pulse-repetition rate, In operation, the rocord from Stylus 1
was uUsed until the pulse-repetition rate was so great that the recorded
marks overlapped and could not be resolved. At that time, Stylus 2
aould be used, each mark zepresenting 11 pulses from the detector head,
The chart drive that supplied the time base wus czlibrated with a
viotchmaster beforz each event. By moans cf the vetchmaster, the chart
drive could be set to have @ maximun errar of 1 minute in 24 hours, or
20,060 percent. This is not the optimuc recording system for use with
t'.is detoctor, but roiler ¢ euomrotlier forced by @ lach of fund: and tio.
2e2e3 _The Initial Instmument Syetem, "Qustave U Petecter. For
the high-range, fast-resolution detector, the basic circult of Figure 2,1
was used with a scintillation detector as the sensing element, The <

latter consisted of an RC: 827 phototube and a2 Nationa! Rediac Scintillon

Ty -t Y~k

Toontoylostio o vtoo oonownic D Inoo elusirooecculllinziu llcinon of
balelite &7 provide o- afvectvolent pecionst (Roferones £) The
electren-equilibriuc layer presents a scurce of electrons that muy be
scattered ints the izl te replace those electrons produced by
radiation absorbed near the crystal surfaces and lost without being
detected, These detoctors were constructed to cover three ranges,

102 to 10" r/rx, 103 to 10—7 r/hr, and 10—” to 10g r/hr. The overall

detector rosponse is glven approximotely by

f=kr (23)
viere:r €= th mulss ywo otition il
¥ = the gamy ~oxposurs rate in rlo ST, LOULS &

k = a parameter chosen tc meot specific desiogn objectives

45
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The maximm pulse-repetition rate of these instruments is 1,00C
pulses/sec, the maximum rate that may be resolved by the recorder
(a Cook Research Laboratory Mi-33 eight~channel magnetic-tape recorder).
Typical calibrations for these detectors are show in FPigure 2.3.
Figure 2.5 shows the energy éependence of the Scintillon-phosphor
Gustave I detector, relative to 0060 gamms rediation at & rate of 100 r/br.
To reduce the errors due to flutter and wow, & 1,000-cycle time base was
recorded on the tape similtanecusly with the gazma-exposure-rate data.
An Amcricen Time Products transistorited fregquency stanfard with es
accurecy of 20.02 percent was used to provide the tiue bese.

2.2.k Photomitiplier Peedback Circuit. ¥nitial Instrupe-t Systex.

This system 1is essentially the same as that used during Operation Cétfle
(Reference 2). The detecting element, & Scintillon phosphor 2.75 inches

in diumeter by 0.5 inches in helgzht mousted in e bekeiite bieoc. for elestron
equilibriun, was placed ingide a blast-resistant housing at toc top vf e
light pipe. The ocutput of the crystal after passing through the light
pipe wvas detected by an RCA 6199 photomultiplier tudbe. The photomultiplier
tube wvas used in & 100-percent-feedback circuit which held the photo-
multiplier tube anode current nearly constant, regardless of the incident
light flux, by reducing the dynode voltage (Pigure 2.5). The gain of &
photomiltiplier tube with coustant anode current is approxirstely pro-
porticnal to the antilog of the dynode voltage. In this manner, e useflu
dynomic range of sbout & factor of 107 was realired.
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Tigure 2.5 Schematic diagram showing the photormultiplier feedback circuit
of the initial-gamme detector systemn.
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222.5 Calibration. Three radiation sources, 8 250-kv Xray generator,
n&i—ln'ndohnﬂm,uiawoco‘ommud
in the calibretion of the Project 2,2 instruments, The “Conrad” detectors
mmummwnm“mmmzm—kvmym
tor. The initial gesma instruments, the "Guetsves" and the photomultiplier
feedback circuit detectors, were calibzated with the 250-kv Xray and the
2,5-Mev Van de Greaff generetor.

The 230-kv Aray sechine wmas opersted at sn spplied potential of
250 kv, and 10-ma current. The Xray beam was hardened with 1 mm of caduiun
filtrotion to give an effective energy of 190 kev, The instrument
uwumsummmummw.mmmm
responee is flat to below 125 kev. The meximum ussble exposure rate =€
sttainable with this.Kray generstor (consistent wdth good geometry) wes
6,400 t/he.

The Van de Qraaff generator was opsrated at 1,0, 1.5, and 2,C Mev,
resulting in a maximm rate of 106 v/he,

The 200-curie fleld calibestor was specifically designed for operation
wder EPC weather conditions., The mein components sre the source con~
tainer and the control trailer, The source contalner is mede of stainless
stesl, and the plug snd rise tube sssembly of Monel metal. The source,
inclosed in a double-wmlled Monel capsule, is raised and lowered pneu-
matically and is supported by three spring=-losded pins, one of which
actuates a microswitch to indicate when the source is up. e

The €5 18 1n pellet forn and Fills a space 039 incies in ’éjta;ft;:ﬁ(’
and 1,98 inches in length. The totel Monel metal shislding (capsules and

rise tiube) is 0,33 inches., The source was calibested &in the field over




“_—

the exposure rate zegion used with s set of Victoreen r-meters calibrsted
st National Bumesu of Standerde (¥MBS) in Meveh 1956,

2:2:8_Hich-Range Initial Chema Station Gullimation. These were mo
sources availgble for dizenct gamm~radistion calibration up to the maximm
zanges of the initial gemme instrumants., Because of this leck, scintilla~
tion detoctors ware used, thareby snsbling calibration with a light source.
In prectice, the instrumsnts were directly calibwsted by the use of the
zm-mieco&tomolnﬂuﬁeldmd;hnda&aaf!genmmintu
laboratoﬁ to the limit of the available radiation rates. The czlibration
was then extended to the maximum range through the use of a light calibwe-
tion, which was norwslized to the radiation calibxation.

mummzmwmonummmwuma
a bean having approximately the same spectral quality st the light cutput
of the scintillator, and a series of neutrsl density filters tiwi vary
the light output in known discrete steps. Errors due tc the direct
response 0f the circuit elements to gamms radiation are introduced into
the calibration; however, thess errors have been shown to be small in the
ranges where the light and radiation calibrations overlap., There are mo
mmwymnutlnmmuinnuuumthowofw
calibration, ST. LOU:iS FRC
2,3 READOUT ERROR AND ACCURACY OF THE GUSTAVE AND CONRAD SYSTEMS

In genersl, the output of the. - Qustave snd Conrad detectors may be

glven as:
e = kt" (2.4)




wheres I = guum Supomure Pate
% = tine between output pulses
nk = design peremsters
If the sx1or in zeading time betwoen pulses (1.e. time base) is At,

thens n
T+ ekt + M)

i = k[(t+ &) -t (2.5)

&=t a) -¢"
z tﬁ

For & << 1, this formula reduces to the definition of differentials.
t

r T

shere: Jg = the relative error in gesme exposure pate due to
r exzoxs in the tine measurement

i - nit (28)

Q{ = the rolative tine measurencnt error
For the Conrad I detector, n = =2, and;
®
& - :?(‘ (2.7)

In practice, at high=pulse-zepetition zetes, a mmber of pulses N

over a period T was used ¢o road out the data, Hence, from equation 2.%;
&2 fm e o) - On)
g One)®
s (r+ ) - (M°
r T

T ST, Lud:o 30

(22)

i1e

vhere: At now includes all exrrors in reading the time interval T,

21
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mum-hmmmmwmm *O.O699¢rcents
therefore, the Tesdout erzor wes negligible, and the exroes of the
Conrad I systen (of the oxder of 10 percent) could be sttriluted ¢o
the detector itself.

For the Gustave I system, & = <1, ands

‘::* (2.9)

Hence the Gustave 1 system erzor was sseentially that of the detector
(the time=base error 20,02 psrcent), and was of the order of 10 percant.
%4 BEACGHBALL RADIATION DETECTOR-TELEMETER UNIT

To attain the ohjective of msasuring the vesidual-exposure rate on
ﬁwmtco!aw”m.lwmm_‘
telenstor unit was devised. wammmmt:gto
key a 1/2-wett VP tronsmitter that had been constructed in the field,
Tie detector anc tronsmittor were mounted in @ polyethylenc botilc
gsuspendod at the conter of an sir-inflated, S5-foot, plastic beachball.
The beachball was stteched to & 27-pound lead beick by means of s G-foot
3ine. This made it poesible to drop the system from a helioopter more
sccurstely with s minimm of fmpett shock to the instrunentation. The
lead brick hit the ground first and sllowed the boachball to slow down
over the 6=foot distance befome hitting the groumd, In eddition, the
beachball {tself acted as a good impect abeorber. Onoce the beachball
was released, the helicoptar could go s short distance sseey and orbit in
a radiclogically safc region, while receiving the date trensmitted froo
the beachball wnit. ST. Ly & oTC




2,5 THERMAL-RADIATION DETECTOR

The thermal-zadistion detector consists of & phototube, asplifies)
and high and low bend-pass filters. The phototube eutput is peoduced
by incident thezrwmal rediation from a mutlear device, lightning strokes,
or othar sources, This output is fed ¢o 8 high band-pass filter that
passes only signals with a rise time similay to those due to muclear
detonations, and to a low band-pass fllter that passes only thoee
signals with a duration typical of mstlear detonations. Thus, an
incident thexml-radiation signal must have both a rise time and &
duration typical of nuclear devices in oxder to activate the thermal-
radiation detector,

i

ST. Luu
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CHAPIXR 3
JESULTS AID DISCUSSION
3.1 BESIDUAL RADIATION IMEASURRIMENTS
The data obtained from the resifual radiation stations are showm
in Pigures 3.1 through 3.18 in the form of log-log plots for convenience
of presentation and for ease of deterximation of the decay expouent.
The dscay exponent is equal t0 the alope of a straight line drawn
through the data points that are considsred to be related to each other
only by reliocactive decay. All residual data was snalysed in detail
for this report; the instruments for those stations represented by
Pigures 3.3, 3.11, snd 3.12 were operating at levels below their high-
resclution regiom and 4id not yield the essantially continuous curves -
shown in the remainder of the group of Figures 3.1 through 3.18. ‘
On Figures 3.1 through 3.18 the slopes are shown as dashed lines which
wvere drawn through the linear portion of the curves. In draving these
dashed lines, sarly times were avoided when the concentration of gamma-
ray sources was still building up because of continuing deposition of
fallout material, and other data points were ignored in cases where rain
or wind had redistributed the fallout material and caused perturbvations
in the decay curve. ST, LU, 7ac
Measured residual gamms rediation doses for each ¢f the four shots
are plotted on maps O0f Bikini Atall in Figures 3.19 through 3.22. FMree-field
exposures shown on these figures wers extrapolated to infinite time using
Rquation 1.2, Section 1.3.2, of this report.




Tables 3.1 through 3.4 summarize the data oo residusl station locaticus,
time of arrival of fallout, maximm cbserved exposure rats, total exposure,
and éscay exponsnt. Ths averugs decay exponsnt was found %o be 1.l for
fhots Zuni and Tews, 1.3 for Mot Navajo, and 1.2 for Shot Flathead
(neglecting the results from Station 221.0MC, which received too little
exposure for accurate evaluation). In the many cases where there vas
early rain leaching, the slope indicated by the data points taker after
Tain had consed vas used t0 help determine the best-fit straight line.
Pigures 3.1% and 3.15 are typical curves showving the gamma-exposure-rate
change caused by rainfall. In taese curves, the gammm-exposure rate
after rainfall was spproximately half of that expected 1f the normel
reficective decay were the only cause 0f change 0f exposure rate. -

In Pigures 3.3 and 3.18, the puildup of the exposure rate is ‘
apparently more complex taan the monotonic bulldup presented by most of
the other figures. It appears that fallout ceased t© arrive for s short
period at €U minutes in Figure 3.15 and then commenced to arrive agein.

Siope changes are evident in the curves in Figures 3.9 and 3.10
after sbout plus 500 minutes. This effect is probably not due to
instrumsatation errors, becauss these curves repressut the data from two
Mt instruments located at the same station. A possidble sxplanation
of theee slope changes is the presence of oue (or more than one) rediocactive
isotope whose half-life is such that the decay is slower than the combined
fissfon fragment decay of T°1°2, and the decay slope is dominated by this
isotope frow about pius 500 minutcs until the end of the record. However,
the instrumentation 414 not record for a sufficiently long tims to 4etermine
4sfinitively the half-life of this isotope. ST. LOUi3 ~=C




Island Station JFrom QY JFrom GZ _ Time  Aate® Exposurs® Expooent
degrees fest nin v/ur r

Dog £21.03 5.5 68,600 27.7 &.2 703(72.9 Ar) 1.07

George £21.06 17.1 70,900 n b2 3(77.8 ar) 2.07

How Porteble & 78,000 28.8 17  126(7h.S br) 1.0k

Uncle 221,01C 268.8 10,300 26 #8 19(85hr) 1.1

Yoke 221.02¢ £92.2 b3,h00 25.3 8  125(20.k br) 1.18

Ban Porteble No fallout

Charlie 221.0C2 Prive inopsrative

Love Portalle Stylus and 4drive inoperative

Oboe 220,08¢ Drive inoperative i

Peter  220.14C Btylus inoperstive

Roger 220.05 Stylus and &rive incpcrative

Williaz 221.01C Drive inoperative

Alfs £221..0hC Prive inoperative

XN

TANE 3.1 ZUNI DSTRMENTATION AID FESIDUAL-EXFOSURE INFORMATION

Scorrected to free-field values

oSt

Lodis

l; A{ G‘




TAE 3.2 YLATHEAD IRSTRUMENTATION AND RESIDUAL-EXFOSURE INFORMATION

Aximth Distance Arrival Max Total Decay

Island _Btation From G2
degrees
Avle 22 .01 277.3
Alfe £22.0kC 235.6
Basy 221.0% 37.9
Fox .05 52.2
George® 221.06 .5
Ceorgs® 221.06 Th.5

How Fortable
Love Fortabhle
Oboe £20.08¢
Uncle £220.01C
Do 22.C3
Easy 221.0%
Ban Fortable
¥illian 221.01C
Yoke 221.02C

Prom 0z Time  Bate® lxpcun‘ Exponent

fost =in rhr r
§5,0800 L
70,000 NS
1,73 37.5
10,745 37 DE“E'Tw
14,920 k2
1L,92¢ he
No fallout
¥o fallout >
So fallout
Fo fallout

£tylus interuitient

8tylue inoperstive (2ué& detector)
Stylus inopsxative

Drive inoperative

Drive inoperative
ST, LOUJiL «=R¢

®patector inside of stesl pipe, O.30-inch wall thickness
Bpetector outside of stesl pipe.
Cqussticnacle due to small smount Of rwdiation
fcorrectet to free-fisld velues




Azimuth DPistance Arrival Max Total Decay
Island Btation Proz G2 From GZ  Time M’L ured E ent

dagrees feot =in r/ar r
Able 221..01 281.5 h6,30¢ 321

Dog £21.03 o 7,922 3.3

Easy 221,04 26 10,70C 3.2 DELETED

Fox | 221.05 o 13,170 3

George 221,06 prive inoperztive

How Portable Drive icoperative

Love Portable Drive inoperative

BEan Fortable Drive inoperative —
oboe 220.08¢ DPrive inoperative -
Uacle 222.C1C Drive inoperctive

willjas 22..01C Drive inoperative

Youc 221.02C Drive inoperative

aCorrected to fres-fisld values o s 230




TANE 3.4 TEWA IRSTRUMENTATION AND RESIDUAL-EXPOSURE IKPORMATION

Azimuth  Distance Arrival lMax Total Decay
Island  Station From 67  From 0Z Time  Rate’ Bxposure® Expouent

degrees  feet min r/or r
Avle 221.00 280.8 28,950 17.% 1,078|h,277(74.8 ar) 1.03
Dog 221.03 767 17,550 M7 1801,327(55 wr) 1.29
Easy 221.0% 75.2 22,220  15.3 105(1,139.6(73 hr) 1.1
Oboe 220,08¢ Bo falleut
Bov Portable Stylus inoperative
Fox 221.09 Drive inoperative
¥villfsx £21.01C Drive inoperstive
Yoke 221.02c Drive inoperative

a4

Scorrected to free-rield values

ST, LoJ.oaa




The initial-gaumm-exposure-rate data presented are subject %0 wncertaiaty
in sbeclute magnitude. Data reduction indicated a stroug possidility that
the viring of the mgastis-taps recordars might not have besn the seme a8
previously presumsd and that the aseoeiation of & particular recordser chamnel
with s particular detector sensitivity renge might have been incorrest. The
viring could mot be checked in the ladormtory becsuse the equiyment had deea
disassenbled at the termination ef the field phase of the operation. Bub-
sequent snalysis ef the recorded pulse shapes has led to the association
assumed for the initial-gamms data presented herein, and the derived total-
exposure values sgree ressonably well with those msasured by Redwing Project
2.1 (Reference 9). However, thers is still some uncertainty cn this point,
snd the eurves presentsd may be off in absolute magnituls, although the-ghape
of the curves as a fimction of tims 1is probadly ecorrect.

e initial -gamma values given represent those obdbserved at the
detector and should be miltiplied by & factor of approximately 1.2 to correct
for station shielding. This factor of 1.2 is a measured value of the
-muuwummmmu&m;mumma-
function of the energy of the incident rediation. Tims is & fector only
in that after ene minute there is 1ittle grama radiation in this energy range
(> 1 wev). Prigures 3.23 through 3.20 should be mltiplied by 1.2 to give
free-fisld values. : ST, Lodio v.iC

The data in Figures 3.25 is in reasonable agreemsnt with similsr dats in
Reference 9, especially after the data of Pigure 3.26 has been extrayolated to
e %ice equivalent to that reported by Redving Project 2.1.
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3.1.1 Beliability of the Besidusl Madistico Data. In general, the

residual instrumentation functioned either very well or not st all.
Zables 3.1 through 3.4 shov that the major malfunetions were dus %o
inoperstive ghart drives. The possidility of malfunctioning of the
recordsrs was anticipated prior to the cperation; however, lack of funds
and time forced tha use of thess recorders. The recorders that worked
were checked with a Timemsster and sdjusted to within #0.069 perceni accuracy. -~

The repsated calibrutions of the instrument systems indicated a maximm
total error of less than 10 percent. |
Figures 3.1, 3.3, 3.7, 3.8, 3.9, 3.13, 3.1k, 3.15, 3.16, 3.17, and 3.18

present data taken with the detector heads inside a steel pipe, which served as
blast end thersal protection. ¥he results from these staticns should W
increased by a factor of adbout 1.4 to eoupensate for the shielding of the
blast housings. This estimate of the shielding factor was derived from
the £ield measurements at Station 221.06, Shot Flathead, wvhere one detector
was inside and the other was ocutside the hlast houslugs. Ou the other bhand,
Figures 3.2, 3.5, 3.5, 3.6, 3.10, 3.11, and 3.12 present data from detector
heads without bdlast shields. These dstectors were ealibruted for free-field
conditions (0060) and give free-fisld data.
3.2 INITIAL RADIATION MEASUERMENTS ST, Louls o€

~ She results from the initial-gmms stations are shows in Figures 3.23,
3.2%, and 3.25. The initial-gamma station for Shot Puni (Btation £20,09C)
was destroyed by the shock wave, and the data from this station are available
only to shock arrivel and are given in Figure 3.23. Pigures 3.26, 3.27, and
3.20 present the total initial-gaama exposure as & fnction of time.




Pigures 3.27 and 3.28 show that approximately two-thirds of the
total initial exposure for Flathead 221.04 and Navajo £21.05 1s delivered
after the arrival of the shock front. Most of this exposure is due to
the enhancement caused by the hydrodynamic effect, decause ths exposure
rate vas decaying rapidly before the arrival of the shock front.

Reference 9 ecmpares measured initial gaams exposure-versus-distance
eurves vith curves couputed from IN 23-200. For the purpose of coxparison
vith publighed data, integrated initial gamms rate data from Figures 3.26,
3.27, and 3.28 of this report have been plotted on the corresponding curves
from Reference 9. In addition, extrapolation of Project 2.2 measured data
(integrated initial gamms rate) to include initial gazme dose delivered after
the end of project records has been male using information and nthodn—(
in Reference 10. Exposure received prior to start of praject records
m been neglected, since the exposure is relatively insignificant. The above-
mentioned plots for Bhot Zuni are shown in Pigure 3.29 and for Shots Flathead
and Kavajo in Pigure 3.30.

3.3 MNEACE-BALL MEASUEEIENTS o1 Louls FRC

The objective of msasuring the sxposure rate at the 1lip of the
crater from Ahot Zuni wvas assumed by Project 2.2 at a lats stage in the
preparations for Operaticn Redwing. The beach-ball ingtrument was dropped
cato the Zuni erater lip at K « 6 hours. The fall apparently csused a
ehange in the ealibration of the system, decause the received dats
indicated an exposure rate as high as 50,000 r/hr at this late time.
Furthermore, rotor interference made reception of the transmitted signsl
difficult.




3.4 THERMAL-RADIATIOR DETECTOR
The thermal-radiation detector was installed on Bite Nen for Shot

Teva at & range of approximately 20 miles, and the detonation wes satisfuc-
tonly ‘CWM. 5 -i‘.x .’_.'\:,?‘Jix»‘; ‘;‘RC




225469 o8uvx ‘€o°T2c uotlels fyunz JOJ awWI} SnSIIA pTITY

- 1206 ‘sansodxs pswwum.mm ool e T Aa ArdTaTnua 938X PIpIafysun wod  "333F

saoNiw ‘rous YILdy L

8 45TTq UTYITA 9383 aangodxd Tenpisal T°f aandtg

0! ol
169 5 14 3 168 ( & S 14 £ 168 ¢ 9 § €
T ! LA : T T T _ ” T M i T T ' : ﬁ 1
f ! “ ! H« 4, ' “ | ' 1 o g-w m . . R [P
Loy i E L R Lo T
e ey - S N IS (S SRS S SR AL
. \ N Tl i a \ RS AR .+ w RO
R 2y L |
[ e Tt T — H 1 : z
I ! # R _ ! L : b ; P
. : ; i : ; 1 R R
| T e :
f T t ¢ ] e : €
R I ]
AT EER RS 1,
| | [ ! -t !
J I [ S I
L — T
A _— —

ST

e me— m‘ull\l

J1,|10i‘1|l.|»|.T

Jis ¢RC

e

N

p ]
d3g nHS

yH/¥ ‘1vy 3I¥pS0dX 3T YwwvH

[-)

%)

L



S189] 06 3L 23usd ‘90 T2 uoITEIL frumy JI0J SWIF SNLadA S4B aansodxa TBNPISAL PapTaTysu() ‘p¢ aandtd

ﬂ *I61E ‘aangodxa Inoy-0tll TBIOL //'M
o)
D“
-

sauNI  ‘loNG ¥ILdY aw'l
2!

13 3 14 1
, _

n 3
T T 1"
v i

—n
—t

V-

e

‘21vY ggn;oﬁfj .v‘wv.g

/Y

g5



‘1 66 ‘eangodxe
. <2231 00f ‘0T @3ust
moyg-¢g T¥ial °T £q £7dpaTom 2383 PapTaTUsSUN JOd 3233 00t o.
.uao.ﬁwm qoapﬂ.m:m Tunz J0F W3 SNSIIA 81 amaodx?d Tenpysad  €°¢ aan3td
sajnuiw © Joys any dwil
[ 30! ol : '

TS1 ¢ § & ¥ L L L ) | v 0 0 IO A R Y T T TV T Y Y —°

Ve
1

[ B0 U e |

i

O |

ot

1y/1 ‘ajoy ansodx3 owwo9

7
1

111 41

001

LoJ:oanC

S,

¢ b



‘3331 0

-a¢z1 ‘eansod¥s A= 1T30L

M ~ Cmv "mm s . m wo (K“.« Lhisaon e _ @—.‘ mu ﬂv rﬂ i N smﬁm
4 3 M NIy uoT um 21944 ey ¢ UP 2.1 WHjm.OQ‘hm ‘v 83J =Y aTysii et aJl
w ] .UA\O .@ H ow

M

$ILOMW C.ex.w vildy 3wl
01
1

o

l Vwwy.5

‘zuyy  Fyasody

iy

#7



-

*2921 ‘aamsodxa Inoy-G -+l TeIO0L o W
3233 000‘gL @Buex ‘MmO uoT3¥IS {FunZ uo*.uaﬂv gnelaA 918J axnsodx’ TENPTSIX PIPTATYSU) ¢*¢ aamdtTd %

sainniy dsng W@LIY v
Wo! o' 0! . ol

<
J )’ 1( ) .

[ | 2 159 6.9 5 v 14 1
e ) v : Tewt v S v ¢ t tew ¢ 9§ v ¢ 2 : s < « . : EMELELI _ ! —
_ I ! | }ji - i wa_; R HS Gt S O B St
| : poorEn v SR RS BEIRa ‘ AN GO G ! B 1
! —mee g . b .r.~ ﬁ - —— + t i - ' T vuAtﬁ‘M....ul.t.HL ]
] 1 — Ty IR RRE=AAN b P ..ﬂm..i‘-.n.‘w B e B s T .
. _ T d : e (I s = : b . T ‘ T ¢ '
. ~ . q TS et 5 i ; T SR r
L { [ i ol N ' U ! ; i BN ‘
R H Pl m | : 1 ﬂ/ [ . + ' = <. ity . .‘ul.u —
. i D i i N ! : | i-- | P -
m w e _ } . : | ¥ 1 ¥ B M
1 T R ] \ j IR i - ; B
«II’!IIQ'I'I m «.“ ; I/ : m 4 fw
. ; N1 o
. i 1 a : : N
$7 1 [ .LJ/ o w | 1 W
-. T T ) # ; . “H i >
+ 1 2 Y ) R
: I - \ — —t -
: ﬁ i 1 AN 1 -
: —_——t 1 -1 —_ # T
. »Il.oll‘ll \ 1 - i bt ek 31 - = - »
e o o B ot e st . et B S G et "
~ I S i s - i S + ”
epaeenis G ! -1 TN ﬁ Bl oeu oo
! - tor .‘“.:!.k:w | « R TR S o x
g - -1 1 — - — Tt ‘
4 1 v T L LAE { dw/f ! 3 ﬂv}
. — ; : i ; ! -
i g - o : ™
_ W ; i - RN 2
v - _im=T ! 1 = xx.T. T :.m‘g‘ SN , S
P —_T Izt T v * - 4%\'. L - * m } w \ “, y
N Tl iz L - i - Pt
——t T T T m T T
i S e = tobo ot : Ly | b
- o~ “ R s
§ RS ; M -
¢ L1 1 ! — _
u = i
. - _r — ‘~7 MH SRS (Ol FUN0E P —t - “ -t {
. R RES : = |
= I B s A _ =
: R e e B e = v =
e MRS an T u>. - H o
T = -

'

-

i
wp bt




~3933 00g‘GH dBUWH

[N

‘
~
.” .

¢10°T22 UOTH®IS {PeInsTL 103 Sapy S0BIIA 93BI AN

TILONI S\

¢ommeodxa Inoy-f-HL TeIOL

oo
aomm Tenpysax peprerusul 9°t

!
"LOHS yzlsy W]

aan3td

£y
~

49

50



(AR ﬁ.v.:.)_._

avv

aansodxd anoy-¢ a4 aﬁaoBu 0T Ay Atdpa i ‘938l @ucawwmwcs lcd  +199] X, ¢ #8usa ﬁ~ ////l
‘q0° 122 UOTI®IS ‘pesU3s (4 10J WY S ‘5134 PTOTUE 35B{Q UTUITA 33sI sansodxa Tenpisw [ 'f 8anBTd mx /{ﬁ//




-

id
JoRLt

sansadxo agoy=-) sz Tt

n'1T Ko £1dig ‘3381 poplojyUSun acd  "3305
a3uBl ‘¢ 1Pg ucTaBalsS fpBau3wBld J40J JUTY RNSISA LIS LoUIq Ululia s38r aansodxa jenpjuel. @ f oInii

5/



LILELCE
- o
rovas 3

4

<

.

rlgst shield versus time for
) ; feet. ~

Tlathead:

ALELic L Led




ap[83N0 10308399) 90°TLe U013¥RG L pLINT

20 BWi} ENGAS. 03Ta SINSCUX3 [BNPFS3L popIaTusyl

eqlnNIw - (ows ¥ardy aBWLL

eyl

s s anoy-T¢ THI0L 193] 02h i1 adued ¢ odrd 70938

AUf eandrd



« j

&
togmo&no Ioyu-6q Teal 3332 00Q‘0L 23uel _
sufdoA sl 2angodxa TeNPFS3aI pIpTaiUswWl TT1°€ oamBTd

sajnuiw’ JOyS Joyjy 8wl

(an0°T22 UOTAEIS {PUImBTd J0F I3 .

s

55

s



L
4.'. '

A
. 1. sinsodxa Jnoy-0§ T¥IoL
(10* Tz UOTAWAS fOfeABN I0F SWEY BHSISA o781 axmsodxa Tenpysal pap

S NUIW® JOYS Sy dwiy

:
;

393 00t ‘94 adusI
TatUsul 2T'E aImITd

56

s



\

J1D1d1S3d

i O
. iusmo&m anoy=£G Tegol T £q
ATd13Tm f338I PIPTITUSUM JQL | 26°) 98wex f€o*Tee uoTIwlg fofeasy
J0J smWT} SNSIAA PTATUS ISPTA UTUITA mpw.u.muzno&«m Tenprsay €T aandtd

[ 3 L T3 .3



ST, Louid . ..C
ire for navajo;

11, Tesidual exposure rate witnin plast shield versus
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Figure 2.1
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L7-hour exposure,
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=
CEAPIER b
COBCLUBIONS
k.l FRESIDUAL-GANNA EXFOSURE RATR

The results of the residusnl -gmmas-exposure-rats msasuressnts
sbov that for soms devices the decay exponent varies wvith both
the type of device and the station location. The decay exponent
vas fairly uwiform for different station locatiocas for Shot Tuni
(1.04 to 1.18) and rather variable for various station locations
for Ehot Navajo (1.07 to 1.39). Although no specisl significance
is attached, the spread of values for the decay exponent secems to
be greater when the aversge value is high sad smller when the
average value is low.

The residual instrumentation systex performed st sbout 5C
percent of its capability. This 4is explained by the fallure of the
recordsrs, which were not dasigrned as field instrunents and were used
because no others were available. There wers no known failures of the
Conrad dstectors.

h.2 INITIAL-GAMNA EXPOSURE RATE

Figures 3.27 and 3.2 show that spproximately two-thirds of the
total initial-gaomn exposure was delivered after the arrival of the
shock front. Insufficient initial gamma rete or dose data is available
to allov independent ecomparison with published scaling laws. Pigures 3.25
anéd 3.3 indicate reascnable agreement of both Redwing Projescts Ji’.l lnd

ST, Luou & ...C
2.2 data points with B 23-200; however, measured doce-versus-distance curves

7 ¢




exhibit a steeper slops than shown on Figurs k-3, page b-12 of TN 23-200,
mwatmmmmlmmnmunrymmm.
&.3 IEACE-BALL OFERATION

this experiment demonstrated the opsruticnal feasibility of using
the beach-ball technigque to0 4rop a refiiclogical talemeter onto a con-
taninated area.
h.b THERMAL-RADIATION DETECTOR

The thermal-radiation detector operated satisfuctorily for s
S«Mt detonation at distance of 20 miles.
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